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16. Abrtroc? 

Kedical s tud ie s  were u n d  -rtaken i n  1971-1 972 04 the s t r e s s  
ex9erience by the cockpit crew working the s h o r t  routes  i n  
Europe arid a spec ia l  attempt was made t o  aiscover whether s 
signs of a summation of s t r e s s  due t o  f l i g h t  work become 
v i s i b l e  during a ' c i r c u i ;  of severa l  days. ? o r  this purpose 
the pulse m d  res2 i ra tory  r a t e s  were qeterrnined f o r  22 crew 
members as an indicat ioi l  of the acute s t r e s s  occurring dur- 
in_e.the f l i 2 h t  arid the m o u n t  of " s t r e s s  hormone" i n  the 
ur ine as an indiGation ef t h z  extent  of  t o t a l  s t r e s s  i n  
an extended stvdy peiiod. 
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- Foreword 
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bledical s tud ie s  were undertaken on the stress experienced by 
the  cockpit crew working the s h o r t  routes  i n  Europe and a spec ia l  
attempt was made t o  discover whether s.+.gns of  a summation of stress 
aue t o  f l i y h t  work become v i s i b l e  durins a c i r c u i t  of  several days. 

?or t h i s  purpose the pulse and respiratory r a t e s  were deter- 
mined f o r  22 crew members as an ind ica t ion  o f  the acute s t r e s s  
occurring during the f l i g h t  and the  amount of  " s t r e s s  hormone" 
excret ion i n  the ur ine as an indica t ion  o f  the extent  of t o t a l  
s t r e s s  i n  a n  extended study period, 

The r e s u l t s  point t o  a medium high s t r e s s  f o r  f l y i n g  i n  the 
cockpit  o f  a B 737. I t  was a l s o  noticeable t h a t  even during the 
s leeping periods between the  f l i L $ i t  assignments there  w a s  an  in- 
crease ii1 the excret ion o f  the s t r e s s  hormone. No ind ica t ion  was 

found, however, f o r  an increase i n  s t r e s s  over t h e  duration of  
t he  c i r c u i t ,  
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REPORT DLR 355-74/2 
TIiE ZV-KLUATION OF STUDIES OP PLIG3T PLRSONllXL 

DURING FLIGHTS ON TKE; .:HORT BUROPZAN AOUTES 
07 THE GEWAN LUFTHANSA ON ?HE QUESTI@fi Or' EXE STRES%) 

X.E. Klein, H. BrUner, 2 .  Kuklinski, S. R u f f  and 3.K. Wegmann 
I n s t i t u t e  f o r  P l lgh t  Kedicine 

I. Introduction &* 

The reac t ions  of tbe human organism during f l i g h t s  of com- 
mercial  a i r c r a f t  have repeatedly been the object  of extensive medi- 
c a l  slx,!ies. I n  such cases, however, more a t t e n t i o n  w a s  pa id  t o  
t he  routes  w i t h  long f l i g h t  times, time s h i f t s  o r  cnanges i n  climate 
11,3,:',13, 14,  22, 29, 3 3 ,  32, 3 3 ,  36 1. 

The sFecial  type o f  working s t r e s s  due t o  mJl t ip le  take-offs 
and landings during one day a d  t i le e f f ec t  of  reFeat in2 t h i s  s t r e s s  
severa l  t i n e s  withln a s h o r t  Deriod dur ing  a c i r c u i t  o f  several  days, 
as i s  cha rac t e r i s t i c  f o r  a f l i ~ i i t  assi,mielent 01: tile Zuropean routes ,  
has hardly been the subject  or" nedical  s tudies  up t o  now as far as 
w e  know. Therefore, i n  the s tud ie s  reported upon here the main 
enphzsis w a s  placed on the applied methods and the  type of  evalua- 
tion on the estimation of the inf luence of the f a c t o r s  tyn ica l  f o r  
this work. The ain: was especial ly  t o  explain within the framework 
o f  the s i t u a t i o n  given at  the place of work i n  sucn s tudies  whether 
t h e  psychophysiological react ions o f  the  niembers of tile cockpit c e w  
provide my ind ica t ion  f o r  a summation o f  s t r e s s  i n  connection w i t h  
f l y i n g  durinz work. 

*Tumbers i n  the margin indicate  pazination i n  the foreign tex t .  

)The s tudies  were carr ied o u t  as 3 commission o f  and  the the 
support of the  German Lufthansa, 
and carr ied out i n  1970-72 by t h e  chairman of sec t ion  02  a t  t h a t  
t ime, Frof. iI. Llrtlner, w i t h  the cooperation o f  1. iiuklinski. 

'These were ? lamed,  prepazsd 
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XI. Zxperinental -- Arrangement and Nethods 

For this purpose measurements were taken f o r  evaluation with 
22 crew members (11  p i l o t s  and 11 cop i lo t s )  from December 1971 t o  
October 1972, divided abou t  i n  half on two d i f f e ren t  c i r c u i t s  of  
t he  German Lufthansa f1i;ht plan Xi3 and %U wi th  the li. 737. Piea- 
surements were car r ied  out on tliree days each during these c i r c u i t s ;  
s i n c e  three t o  f i v e  scheduled f l i g h t s  a r e  carr ied out each day, 
physiological and biachemical data were gatiiered 
durix:S a t o t a l  of 124 d i f fe ren t  f l i  t h t s  wi th  j u s t  as m a n y  take-offs 
and landings. Table 1 provides a survey on the f l i s h t  paths of the  
two  c i r cu i t s .  

n t h i s  p r o b ~ a m  

a l s e  a i d  r e sp i r a t ion  r a t e  were determined continuously on each /5 
f l i g h t  from t h e  time of  readiness f o r  departure ( the  l as t  5 minutes 
a t  t h e  terminal during f l i g h t  preparations) u n t i l  abcut 5 rdnutes 
a f t e r  tax i ing  (back t o  the terminal) .  A measuring device has  been 
developed f o r  tiiese measurements, permitting siniultaneous measure- 
ment of both parameters without obstruct ing the wor’c or’ f l y ing  
foT both p i l o t  and c o p i l o t  by using a nose c l i p  f o r  continuous re- 
cording i n  r a t e  per minute [ 2,311. An approximate t o t a l  o f  15,000 
pulse r a t e s  and about as many r e s p i r a t i o n  r a t e  miasurer .its were 
c a r r i e d  out w i t h  t h i s  procedure. 

1 ,  

Noreover, u r i n e  of both crew aenbers was continuously co l lzc ted  E 
during the e n t i r e  c i r c u i t  and l a t e r  analyzed w i t h  known methods 

noradrenaline -and cor t icos te ro ids) .  Urine s a q l e s  were taken i n  
t h i s  case i n  the Earning immediately a f t e r  a r i s i n g ,  15 minutes 
before the ‘;rst take-off and 15 minutes a f t e r  each landing, as 
we l l  :is a 
before re --?: 1~; f o r  bed. A t o t a l  of more than 700 ur ine samples 
were c c -  . a  * 7  a l m o s t  5,000 chemical analyses were car r ied  out  
on t T L  -- ~ a . ~ p ~ e a  - 

t 

1 

[5,281 f o r  t h e  cantent o f  so-called s t r e s s  hormones (adrenaline,  t 
2 

t ? o n a l l y  three hours a f t e r  the f i n a l  landing and s h o r t l y  

I t  was necessary tfi ~.~~::t-:~~,: t.., e pulse and r e sp i r a t ion  r a t e s  
i n  tne following aiid:.;er ;I: o r d e r  t o  estimate the reac t ion  of  circu- 
l a t i o n  and respiratl3:i 2ixi. lg d i f f e ren t  phases of a f l i g h t :  



, .---..-* 

(a) Before take-off ( f r o m  the stz;t.* of measurements un t i l  3 
minutes before the  machine takes off f r o m  the r u n w a y ) ;  ( b )  during 
take-off ( f rom 2 minutes before the  take-off u n t i l  6 minutes a f t e r  
leaving the ground); (c) during the f l i g h t ;  (d)  dur ing  the landing 
( f r c n  6 minutes before landing on the grow@ u n t i l  2 minutes a f t e r  
landing)  aad ( e )  aifter the landing (from 3 minutes a f t e r  making 
contact with the ground u n t i l  5 minutes a f t e r  conclusion of taxiing). 

When the ?hysiologPcal parameters are  c l a s s i f i e d  i n  phases i n  
t h e  following, the  nwriber i s  always the ar i thmetic  mean value o f  
pulse  and r e sp i r a t ion  r a t e  f o r  the individual  phase. I n  addi t ion 
t o  t h i s  c l a s s i f i c a t i o n  according t o  f l i 9 t  phase, the pulse and 
r e s p i r a t i s n  r a t e s  were a l s o  considered separately f o r  the minute 
o f  touch-down on the runway. 

The excretion o f  s t r e s s  hormones i n  the u r ine  was e i t h e r  corn- /,6 
p i l ed  f o r  the e n t i r e  day o r  separately f o r  t h e  phase of cockpit 
a c t i v i t y  and r e s t  period at niqht. Gontrol values were compared, 
gathered f rom a group of  subjec ts  carrying out an a c t i v i t y  comparable 
t o  t h a t  i n  the cockpit ,  but around the clock every three hours  f o r  
45 mimtes. The procedure d i f fe red  only f o r  t h e  p e r i o d s  o f  s leep,  
as r e s u l t s  were employed here f o r  a comparison with standard values,  
gathered f rom the crew members themselves during a sleeping period 
i n  the n i sh t  before beginning the f l i g h t s ,  i.e, without previous 
f l y i n g  work. The percentual deviations f r o m  the cont ro l  values 
calculated f o r  each hormone i n  the study were corcpiled t o  a s t r e s s  
index by averaging. 

Sinal ly ,  statements of the crew members on weather conditions,  
s p e c i a l  events and the subject ive perception of s t r e s s  were gathered 
by means o f  a questionnaire,  permitt ing an estimation of  the degree 
o f  d i f f i c u l t y  o f  various f l i g h t s  by averagin;; t h e  data. 

- 111. -- Presentatio-n - . .- -- - .. -. - .. - o f  _- t h e  Results 

The r e s u l t s  gained f rom the preliminary eval.uation of  the data 
w i t h  t h e  above-described methods can be described as follows. 
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1.  Personal Data of the ' d b j e c t s  -- 

Since age and f l i g h t  experience may 
reac t ions  during f iy ing ,  it i s  necessary 

modify the physiological 
t o  survey these parameters, 

Th i s  information i s  contained i n  Table 2. It can be seen from the  
t a b l e  t h a t  i n  both c i r c u i t s  the p i l o t s  pa r t i c ipa t ing  i n  the s tud ie s  
were o l<*r  a d  had more f l i g h t  experience than  the  cap i lo t s ,  as ex- 
pec-iied. On the average, the age difference was about f i v e  years  
and the d i f fa ren te  i n  number of h o w s  flown corresponded t o  the 
r a t i o  1:4 f o r  all a i r c r a f t  types,  or 1:2.5 f o r  the B 757 ( t ab le  2 ,  
left-hand portion).  

t l o w e f z j  %e f a c t  that age and number of  hours f lown hardly /7 
d i f f e r  when these are c l a s s i f i ed  according t o  t i e  individual  acti- 
v i t y  i n  the cockpit a t  the time o f  our measurements (Table 2,  right- 
hand port ion)  i s  of g rea te r  s ignif icance f o r  the subsequent estima- 
t i o n  o f  physiological changes. 
i n  the f a c t  tha t  p i l o t s  and cop i lo t s  had f lown  the machine i n  about 
t he  same d i s t r i b u t i o n  during the  f l i g h t s  employed i n  the measure- 
ments. Accordingly, i t  cannot be expected t h a t  age and f l i g h t  
experience have a subs t an t i a l  s t a t i s t i c a l  e f f e c t  on the average 
values o f  the physiological react ions.  

The reason f o r  t h i s  may be found 

The s i t u a t i o n  i s  d i f f e ren t ,  however, for the  var ia t ions  i n  
t h e  values of pulse and r e sp i r a t ion  r a t e s  at  res t  ( a l s o  Table Z ) ,  

ascer ta ined both between the two c i r c u i t s  on the whole and also 
between the group o f  the persons involved i n  f l i g h t  and those not 
f l y l w .  111 both s i t ua t ions ,  i n  the first case probably s t e d n g  
from d i f f e ren t  t i n e s  of the day (XB; mornings, X I :  afternoons) 
and i n  t h s  second probably \wed more on individual  differences,  
an e f f e c t  on the s i z e  of  the values mezsured l a t e r  d w i n g  f l i z h t  
may be expected. 

2, Pulse and Xespiration Rates - 
The pulse and r e s i r a t i o n  r a t e s ,  given f o r  the c i r c u i t  XB i n  

Table 3 and f o r  the  c i r c u i t  ZD i n  Table 4, is  connected i n  a 
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c h a r a c t z r i s t i c  maruler both w i t h  the  various phases o f  a f l i g h t  and 
generally a l s o  w i t h  the individual  work of the subjec ts  i n  the 
co ckpi t . 

The highest  values were found i n  both cases ' ldwing the landing" 
and the2 espec ia l ly  i n  the minute of "touch-down on the runway". 
F o r  the c i r c u i t  XB these average 85 t o  90 beats/min and 18 t o  19 
breaths/min and are higher on the average of  10-15 pulse beats and 
2 breaths f o r  the c i r c u i t  ZD w i t h  95-105 beats/min and 21-22 breaths 
per  minut e . 

This  difference between the c i r c u i t s  i s  probably based mainly 
o n  tne difference i n  time of day of  the c i r c u i t s ,  From our  stubieF 
w i t h  F 104 p i l o t s  i n  a f l i g h t  s imi l a to r  i 15,261 , w e  h o w  that both 
the  values at  r e s t  and the  reac t ion  of  c i r cu la t ion  and r e sp i r a t ion  
a r e  lower i n  the morning than i n  the afternoon for an object ively 
i d e n t i c a l  f l y ing  ac t iv i ty .  Therefore, i t  i s  not necessary t o  assume 
tha t  the afternoon c i r c u i t ,  ZD, involved more stress than the c i r c u i t  
XB flown i n  the morning so le ly  on the  basis of the  differences i n  
r a t e s  of pulse and respirat ion.  The statements o f  the  crew members 
about the subject ive response t o  s t r e s s  contradict  such an assump- 
t i o n ,  as w i l l  be discussed l a t e r .  

/8 

,Furthermore, i t  i s  noticeable i n  the comparison between the 
two circuits, t h a t  the difference between ac t ive ly  flying and non- 
f l y i n g  p i l o t s  amounts t o  7 beats per minute during the afternoon 
c i r c u i t  i n  the middle of the f l i : ;ht  and even r i s e s  t o  12-17 beats 
per minute f o r  t he  most strenuous phase o f  the f l i g h t ,  the landing, 
wh i l e  there  i s  p rac t i ca l ly  no difference between f l y i n g  and non- 
f l y i n g  personnel on the average i n  the XB c i r c u i t  during the morning 
and the  bifference even f o r  the  landing pki.3~ only amounts t o  3-5 
beats  per ninute. 

An ex-olanation for t h i s  diffex-ence i s  provided by the d i f f e r -  
ences i n  the values at r e s t  (Table 2 ) ,  already mentioned i n  111.1, 
Personal Data o f  the Subjects. When these differences axe standar- 
dized by ca lcu la t ing  the  percentual increase i n  pulse r a t e  during 
the  f l i g h t  compared t o  the values a t  r e s t  (Table 5 ) ,  the increases  

5 
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in the  morning f l i g h t  are s t i l l  a l l  less because of  the  time of  
day; however, t he  differences i n  connection with f l y i n g  o r  non- 
f l y i n g  personnel do become clear .  

I n  connection with the question of a summation o r  accumulation 
o f  s t r e s s  over severa l  days, i t  i s  i n t e r e s t i n g  t o  note t h a t  pulse 
and r e sp i r a t ion  r a t e s ,  as well  as the percentual increases  of these  
parameters on var ious days of a d i r c u i t  are very similar and cer- 
t a i n l y  do not make any tendency connacted t o  the duration of  f U g h t  
work apparent . 
3 .  Hormone Secretion 

When the hormone secret ion is compiled i n  the  manner given i n  
sec t ion  I1 on nethods and a s t r e s s  index calculated f r o m  the per- 
centual  deviations of control  values,  an increase i n  hormone secre- 
t i o n  r e s u l t s  f o r  both c i r c u i t s  i n  the time "during the flight", 
amounting t o  100 $ on the average f o r  c i r c u i t  XB and 68 6 f o r  c i r -  
c u i t  ZD (Tables 6 a d  7). 
t o  a l e s s e r  degree, i n  the values f o r  tiie day, i.e. f o r  the 24 hour 
perioC with the increases  here amounting t o  63 $ o r  36 $ on the  
a-erage f o r  all f l i g h t s  (Tables 8 and 9). 
ar: inci*ease i n  hormone secret ion during the "periods of sleep". 
The increase here i n  comparison t o  the controls  i s  2 8  ;& f o r  XB 
and 20 $ f o r  ZD, but t h i s  i s  r e l a t i v e l y  s l i g h t  i n  comparison IXI 

t he  two other  phases (Tables 10 and 11) .  It i s  s t i l l  remarkable, 
t ha t  even i n  the rest periods betwean the f l i g h t  work there  is  
an increase i n  hormone secret ion f o r  both c i r c u i t s  compared t o  the  
amount i n  the n ight  before t 3 e  f l i g h t s .  

These changes a re  also found, although 

Fina l ly ,  there  is  a l s o  

The r e l a t i v e  higher r a t e s  o f  hormone secre t ion  observed i n  
a l l  three phases on the average f o r  the Xi3 i s  not iceable  i n  the 
comparisorL between the two c i r c u i t s .  The difference f o r  the s t r e s 3  
index during the  f l i g h t s  and i n  the 24 hour  value amounts t o  about 
30 ,<, f o r  trie periods o f  s leep 8 :6. 

T h i s  difference ca? first be considered the  expression f o r  a 
g rea t e r  s t r e s s  on the crew of  the c i r c u i t  iiB. Iiowever, the  e f f e c t  
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o f  the da i ly  rhythr! on the r e s u l t s  cannot be disregarded i n  t h i s  
connection, j u s t  as i n  the reac t ions  o f  c i r cu la t ion  and r e sp i r a t ion ,  
I t  was proven i n  s tud ies  with militar:T p i l o t s  [?,SI , t h a t  d i f f e r -  
e x e s  i n  hormone secret ion depending on the time o f  day a l s o  r e s u l t  
as a react ion t o  the stress of f lying.  According t o  the r e s u l t s  o f  

secre t ion  may be expected f o r  individual  hormones a f t e r  fli is 
during the afternoon (12:OO t o  6:OO p,n.! and evening ( 6 : O O  l?.rn, 

t o  midnight) than  after f l i g h t s  during the morning ( 6 : O O  a.m. t c  
noon). 
hornzones between the c i r c u i t s  i n  o u r  s tud ies  a r e  therefore  explained. 

t hese  s tudies  i t  must be assumed t h a t  s l i g h t e r  increases  i n  I- * E ! D :  

The r a t n e r  sli,;&t differences i n  the t o t a l  secre t ion  of 

The d i f f e ren t  d i s t r ibu t ion  pa t te rns  i n  the r eac t ion  of the  
t w o  hornione systems cor t icos te r iods  and catecholamines (adrenaline 
and noradrenaline), however, cannot be explained w e l l  by the efr'ect 
of da i ly  rhythm. The f a c t  t h a t  the secre t ion  o f  catecholamines 
( w i t h  the exception of tilzltconjugated adrenaline" ), above a l l ,  
increased mch more i n  comparison wi th  the cont ro ls  f o r  the f l i g h t s  
o f  the XB c i r c u i t  than f o r  the Zi) flights (Tables 6 and 7 )  and a 
similar difference a l s o  remains f o r  t h e  t o t a l  s ec re t ion  on one day 
(Tables 3 and 9 )  Doints more toward the grea te r  s t r e s s  index f o r  
t he  YLB a t  l e a s t  p a r t i a l l y  a l s o  caused by a g rea t e r  work load on 
the  crew. In  t h i s  comection it i s  also significan-c t o  know tha t  
according t o  the subject ive evaluation UT the crew 35 of  the 
take-offs and landings of the XB c i r c u i t  required concentration 
and e f f o r t  beyond the usual amount:, while t h a t  was t h e  c8se of  
1 4  ;: o f  the time i n  c i r c u i t  AD. 

I 

Vhen the  s t r e s s  index o f  iiidividual f l i s h t  days a r e  comparec? 
w i t h  one another, i t  beconies apparent t h a t  tile increase i n  hormone 
sec re t ion  on the f i rs t  f1i;:ht day i n  both c i r c u i t s  i n  the three 
phases compiled by us, f l i g h t  - 24 hours  - sleep,  w a s  less marked 
i n  cociparison t9 the control  values than on the two subsequent 
days.  It nay then be assumed t h a t  the first day o f  f l y ing  i s  
\_- renera l ly  l e s s  s t r e s s f u l  than the other  days. Xoreover, an in- 
crease i n  s t r e s s  can also be assumed from the difference betweeri 
t h e  first and the second day, i n  cont ras t  t o  the findings f o r  cir- 
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c u l a t i o n  ar,d r e sp i r a t ion ,  but also an increase i n  the work load i n  
t h e  cause of the c i r c u i t s .  Contradicting such an assumption, 
however, i s  the f a c t  t h a t  the stress index demonstrate6 more of 
a drop  than a r i a e  on the t h i r d  day of  both c i r c u i t s ;  i n  addi t ion,  
t h e  subjective statements on the d i ' f i c u l t i e s  occurring; on d i f f e r -  
e n t  days of  the f l i g h t  do not point t o  such a tendency. Therefore, 
i t  i s  probably more correct  t o  assume tha t  the observed difference8 
are more accidental ,  insofar  as the f irst  f l i g h t  day examined by 
us  had the lower work load i n  both cases. This assumption i s  sup- 
ported by the f a c t  t h a t  the period defined bj us as the first 
f l i g h t  day w a s  a l ready the second day of f l i g h t  work f o r  a port ion 
of tie examined crew members and higher r a t e s  of  hormone secre t ion  
were o b s m e d  i n  t h i s  crews on the first day o f  work than l a t e r .  

.. .- -. 
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- IV, Discussion of the Results and Conclusions 

Pulse agd r e sp i r a t ion  r: "3s a r e  physiological parameters, 
r e a c t i n g  almst immediately t o  an acute load on c i r cu la t ion  and 
r e s p i r a t i o n  and general ly  re turn  b,, normal rap id iy  a f t e r  t h i s  
l o a d  i s  no longer present. 
cal f o r  t h i s  responsc. 

Sehavicr during muscular work i s  typi-  

Even wl-ihout appreciable physical  work, however, these para- 
meters may change w i t h  a psychological-emotional s t r e s s ,  e , g ,  as 
t h e  r e s u l t  o f  increased concen-tra on, a grea te r  f e e l i n g  o f  res-  
pons ib i l i t y  or the  aubjective expezience of r i s k  without a corres- 
ponding r i s e  i n  functions i n  c i r cu la t ion  and reapi ra t ion ,  f o r  ex- 
zmple because of  increased need for oxygzn. Eulse ana re sp i r a t ion  
ra tcs  a re  then increased as +,he exmession cf an increase i n  ex i ta -  
t i o n  or" the c e n t r a l  nervous system and, i n  $his sense, provide an 
indidatioiL o f  the  s i z e  of  a psychological s t r e s s  not connecter; with 
muscular work, 

The stress hormones a i s o  permit such rn assumption i n  a simi- 
lar manner, but i n  ccnt ras t  t o  t h e  pulse and r e s p i r a t i o n  r a t e s  
these  hommes  nrovide more ind ica t ion  of  'Lhc extent  o f  the t o t a l  
s t reed  i n  the period of ?he study ins teaa  cf the  short-term accte  
s t r e s s ,  when the; a3-e measured i n  u r i ae  arld not i n  the blood. Fig. 
1 ;enonstrates t h i s  w i n t  i n  a character i , t ic  marner, using the 
example o f  a f l i g h t  Gay i n  our study. 

/12 

When undez t h i s  aspee', the l e v e l  of the r u l s e  r a + ? g  c,easured 
by l i s  i n  the cockpit of the B :37 is  now con;pared with the  pulse 
r a t e s  obeerved i n  other czficraft types and dur!.ng ncn-flying work 
loads (Tables 1 2 a  and 12bj, the r e s u l t s  are  medium-sized changes, 
on the average, but even i n  t h e  l s a x i m u n  valces a t  the time of 
highest  s t r eos  duriilg the  lcmding. The increme i n  pulse r a t e  o f  
20-35 ,io Jver the  value at  r e s t  i s  eas i ly  comparable t o  the valiit 
aeawured i n  the cockpit of a B 707 
only s l i g h t l y  more than the pulse r a t e s  observed a t  the w!?",eel of  
a padsenger c a r  d u i n g  long t r i p s  [ 181 
tral;ion work [ 241 , 

f l l  
19 nr a DO 27 [: I11  and i s  

&wing  intensive adminis- 
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It should now be c l ea r  t h a t  the estimation t i f  the i n t e n s i t y  
02 s t r e s s  through physiological reac t ions  i s  the r e s u l t  of the 
amount o f  work load on a ce r t a in  person. It is therefore obvious 
t h a t  the amount o f  s t r e s s  is  modified by individual  fac tors .  
t h i s  connection, the f ac t  h s t  be noted, that  the physiological 
reac t ions  t o  the same arcomt  of external  load become smaller as 
experience i s  gained [ 10,111 , bct  also t h a t  i n  individual  cases 
r e a c t i o m  deviating considerably from the average may occur. 

In 

For exmqle,  i t  can then be understood t h a t  continussusly high 
pulse r a t e s  (on the order of llZxtreme Indivi3ual 'ialues" as these 
a r e  l i s t e d  i n  the t ab le  f o r  our s tudies )  were measured f o r  a 24- 
year-old ineqer ienced  copi lot ,  who had a t o t a l  of only 580 f l i g h t  
hours  (280 i n  the €3 737), and similar values of  a 28-year-old co- 
p i l o t  w i t h  more flight experience (3770 hours ilown, 570 hours i n  
t he  B 737), f l y ing  under supervisicn during the e n t i r e  c i r c u i t ,  
i .e.  carrying out an inspection f1i;:ht. 

The determinat im i s  in t e re s t ing  f o r  the cause of the r eac t ion  
of pulse and r e sp i r a t ion  r a t e s  and therefore for the  type of  work 
l o a d  t n a t  even i n  the f l i g h t  simulatcr very similar pulse and res- 
p i r a t ion  values are measured, as we discovered i n  cockpit of the 
B 737 [73,j5,26-J- In  o u r  opinion two conclusions may be drawn 
from t h i s :  

1 .  Instrument f l i g h t  i n  a simulator is  I1genuineT1 f l i g h t  i n  
the as?ect  o f  dercands o n  the individual,  disregarding 
the  f a c t  t h a t  a subjective f ee l ing  of  r i s k  generally is  
lacking. The differnece between the pulse r a t e s  i n  an 
r' 104 simulator and m i l i t a r y  j e t s  flights (no. 8 and no. 
3 i n  Table 1 2 )  i l luminate what i s  m ' e a n t  i n  this connection 
w i t h  the influence of  the f ee l ing  of r i s k .  

& 

2 .  The increase i n  pulse r a t e  during rout ine f l i g h t  work i n  
the cockpit of a B 757 is caused less by a fee l ing  of  
r ' s k ,  but mors by the increase i n  concentration l eve l s  
and sense of  respons ib i l i ty .  

10 
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This be-omes c l e a r  i n  a comparison w i t h  a c t i v i t i e s  accomp nied 

21,25 1 , some he l icopter  m e u v e r s  [ 20: and, as 
by a large subject ive experience of r i s k :  professional racing d r ive r s  

mentioned above, f l y i n g  mi l i ta ry  j e t i t i r c r a f t  i n  d i f f i c u l t  missions . I  

[ 12, 16 3 . 
200 beats per minute, although only f o r  a shor t  time; on th i s  order  
of  magnitude they no longer have anything i n  coxiunon w i t h  the  pulse 
r a t e s  observed i n  the  s o u p  of  conparable a c t i v i t i e s ,  t o  which f ly -  
i ng  a B 737 also belongs. 

273 , parachut is ts  

The pulse r a t e s  cbserved i n  these cases o f t en  are around 

In  estimating the reac t ion  of  tile s t r e s s  hormones, similar con- 
c lus ions  are reached, although the re  are  fewer p o s s i b i l i t i e s  f o r  
conparison here than for pulse and r e sp i r z t ion  &de t o  a la& of  
appropriate da ta  i n  l i t e r a t u r e .  

I n  especial ly  risky a c t i v i t i e s  such as car racing [271 and a 
six-hour t r a n s a t l a n t i c  f l i g h t  w i t h  j e t  a i r c r a f t  of the type 104, 
requi r ing  several  refuelint;s i n  the air  1171 , the  increase i n  se- 
c r e t i o n  o f  catecholanines approaches 700 ,: ( f o r  F 104 p i l ccs )  up 
t o  almost 20 times (for car  d r ive r s  i n  races).. I n  comparison, the  
increases  f o r  the  B 737 crew ( i n  extrene cases on the magnitude o f  
180 $) a re  a lmos t  modest. 
t h a t  the two above-mentioued exaraples a re  extreme loads  and it can 
be reasonably predicted tha t  no person could be subjected t o  them 
constant ly  a t  work, i .e.  i n  a 5-day work f o r  years. 

It should not be forgot ten,  however, 

Neasuroments comparable t o  o u r  s tud ies  have not ye t  been under- 
taken i n  c i -+ i l i an  aeronautics,  espec ia l ly  i n  r e l a t i o n  t o  rout ine 
assignmenm. I n  comparison, there  a re  already some r e s u l t s  i n  the 
a rea  of  nli l i tary ap3lication; however, these r e s u l t s  art' not us- 
u a l l y  corqxrable d i r ec t ly  t o  the s i t u a t i o n  i n  o u r  study, since 
they a re  i n  connection ei';her wi th  individual s h o r t  f l i ,<hts  of  
30-45 minutes [4,23,34,351 o r  with long f l i , ;h t s  w i t h  a m a x i m u m  
o f  one s t o p  [ 7 , 8 ]  . 

, .  I .  

f 

1 

i .  

Increases i n  t h e  secret ion of noradrenaline and adrwa l ine  of 
up  t o  200 ,: were observed a f te r  s h o r t  f l i  ;h t s ,  which were n o t  combat 
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but r a t h e r  t r a in ing  f l i g h t s .  i n  the case of long  m i l i -  
t a r y  f l i g h t s ,  a d i f f e ren t i a t ion  zus t  first be made between t r a n s p o r t  
a i r c r a f t  and combat a i r c r a f t .  
a i r c r a f t  there  nay be increases i n  the hormone secre t ion  i n  the 
crews, corr,para'rle t o  the values w e  ascertained, but Some a r e  a l s o  
considerably above our values ( ad reml ine  up t o  320 ,L, noradrena- 
l i n e  and cor t ico ids  up t o  200 ;$). ?lights with combat a i r c r a f t  
( f l i g h t  times o i  6 o r  more h o u r s )  generally led t o  higher rates 
o f  hormone secret ion,  amounting up t o  the above-mentioned 700 &, 
depending on the degree of d i f f i c u l t y  [ 17 3. 

In  rout ine assi@ments  oZ t ranspor t  

Especially i n t e r e s t i n g  i n  t h i s  connection a re  s tud ies  ca r r i ed  
out  w i t h  air t r a f f i c  cont ro l le rs  C 91 . X t e r  a s h i f t  of seven 
h o a s  - a period o f  time approximately i n  aseement  with the f l i g h t  
working times s tudied by us  - increases  i n  hormone secre t ion  up t o  
400 ,*o were found, i.e. 2.2 times higher than the l e v e l s  we observed 
i n  the present study. 

/16 111 s u m ~ a y ,  the conclusion can a l s o  be reached on the basis 
of  t h e  r a t e s  of  hormone secret ion t h a t  f1i;ht work  o n  the B 737 
reDresents a medium professional work load. Also, no evidence 
was found here t h a t  carrying out t h i s  work f o r  severa l  days during 
a c i r c u i t  systex;%ically a l t e m  the physiolosical  c r i t e r i a  measured 
by u3 i n  the d i r ec t ion  o f  increas ins  s t r e s s .  

The f a c t  t h a t  the r a t e  of hormone secret ion during the c i r c u i t  
also s t a y s  high during the night  mav r e s u l t  f rom a slow reduction 
i n  the ra i sed  l e v e l  of  a c t i v i t y  during the day, o r  a ra i sed  l e v e l  
o f  a c t i v i t y  of  t h i s  system may even continue durin;: the n i ;h t  i n  
corn?asisan t o  the behavior before the  f l i g h t s .  Further s tud ies  
are necessary t o  f i nd  an answer f o r  this question. 

I n  the sane cormection, however, i t  Jeeins necessary f o r  us t o  
point o u t  t ha t  the hormone secre t ion  i n  t!le ni:;ht  before beginning 
the c i r c u i t  was i n  {yood apeement w i t n  the vzlues of t h e  control  
/;roup. The rest  periods a t  home trierefore appazently lead t o  
s u f f i c i e n t  re laxat ion.  

1 2  
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Flight Routes of the Circuits XB and ZD 
Key: a. Circuit b. Day 

Table 1:  
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. 6 ORIGINAL PAGE IS 
OF POOR QUALITY 

Key f o r  Table 2,  page 18: a. Divided according t o  rank 
b. Divided according t o  a c t i v i t y  
c. c i r c u i t  

d. age e. t o t a l  hours flown on a B 737 
f .  a t  r e s t  g.  pulse 
h. r e sp i r a t ion  i. ac t ive ly  f ly ing  personnel 
j .  non-flying k. a l l  personnel 

1. Table 2: Age, hours flown and physiological values at 
r e s t  for the crew members par t i c ipa t ing  i n  
the  s tud ies  (average values: 
pulse and r e sp i r a t ion  rate/min). 

personnel 

age i n  years,  

Key f o r  Table 3 ,  page 20: a. Average f o r  the f l ight phases ind ica ted  
(bea ts  o r  breaths/min) 

b. Average f o r  a l l  f l i g h t s  on one day 
c. Before take-off 

d. During take-off e. While t r ave l l i ng  
f .  Durin? the landing g. a f t e r  landing 
11. t o t a l  average i. During touch-down 
j. day k . ac t ive ly  f ly ing  personnel 
1. non-f ly ing  m. total average 

n. maxin ium individual  values 
0 .  Table 3: Pulse and Respiration f o r  Cockpit Crew Members 

personnel 

on the Shor t  h o p e a n  Routes. 
Ci rcu i t  - XB 

Key f o r  Table 4 ,  page 21: Same a s  Keg f o r  Table 3 (above) 
w i t h  two exceptions 

0 .  Table 4: Pulse and Respiration for Cockpit C r e w  Lembers 
on the Shor t  European Routes 
Ci rcu i t  zi) 

p. F l i p b t  Phase 
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Key f o r  Table 5,  page 22: a. Average f o r  the flight phases i m i t a t e d  
( increase iLi P of  value a t  r e s t )  

b. Average f o r  a l l  f l i g h t s  on one das 
c .  Before take-off i. ihu.ir touch-dmn 
d. During take-off j .  day 
e ,  While t r ave l l i ng  k. ac t ive ly  f l y i n g  parsmnel  
f .  During the landing 1. non-flying personnel 
g. After landing m. t o t a i  averzge 
h. T o t a l  average n. maximum individual  va7.ues 

0. Table 5: Pulse Rates f o r  Cockpit Crew Members on the Short 
European Routes (data in $) 
Circu i t s  XB and Z9 

p. c i r c u i t  

Key f o r  Table 6,  page 24: 
a. Data on amount i n  micrograzs/hour 
b. Increase i n  comparison t o  con t r c l  ,goup i n  
c .  day 
d b  unconjugated g. noradrenaline 
e. conjugatad 
f . adrenaline 

h. average 

i b  Table 6: The Hormone Secretion during the F l i g h t s  and the 
Percentual Increase i n  Comparison t o  the Control 
G r r - n  (N = 10). 
C i rcu i t  XB 

Key for Table 7 ,  page 25: Same as Key f o r  Table 6 page 24 (above) 

i. Table 7: The Hormone Secretion during the F l i g h t s  and the 
Percentual Increase i n  Comparison t o  the Control 
Group (N = 12) .  

w i t h  one exception - 

Circui t  7.D - - -  

2 3  
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Key for Table 0 ,  page 26: 
a. anta on amount i n  micrograms/hour 
b. Increase in comparison t o  cont ro l  gmuo in ,( 
C. day 
d. unconjugated 
e. conjusated 
f .  adrenaline 
g. noradrenaline 
a. average 
i. Table 8: Hormone Secret icn per. Day and the Fercentlial 

Increase in Comparison t o  the Control Gmup for 
Cockpit Crew Members on the Short European 
Routes (N = 10). 
Circu i t  XB 

t 
i 

Key for Table 9, page 28: same as f o r  Table 8, page 26 (above) 

i. Table 9: Hormone Secretion per Day and the Percexitual 
w i t h  one exception 

Increase i n  Compmison t o  the  Control Group f o r  
Cockpit Crew Members on the Shor t  Zuropean 
Routes (N = 12) .  
C i r cu i t  ZD 

Key for Table 10, page 29: 
a. Data on amount i n  micrograms/hour 
b. Percentual increase i n  comparison t o  s l eep  periods before 

the f l i g h t s  
C .  &fore fly?-% g. cmjugated 
d. After f irst  flight day h. adrenaline 
e. After second f l i g h t  day i . noradrenaline 
f . unconjugated j .  average 
k. Table 10: Kormone Secretion durirg the Periods of Sleep 

a f t e r  the first and second flight day and the 
percentuel increase i n  comparison t o  periods of 
s l eep  before t h e  f l i g h t s  ( N  = 10). 
Ci rcu i t  XB 
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Key for Table 11, page 30: 

f: 

a. Data on amunt  i n  micrograms/hour 
b. 2ercentual increase i n  comparison t o  s l eep  periods :eel’o?.e 

the f l i g h t s  
c. Before f l y i n g  g. conjugated 
d. After f i r a t  f l i g h t  day h, a d r e n a l h e  

1 e. After second f l i g h t  day i. noradrenaline 
f .  unconjugated j. average 

k, Table 11: Hormone Secretion during the Periods of Sleep 
af ter  the f i r e t  and second fl ight day and the 
percentual increase  i n  corn arison t o  the periods 
before the flights (N = 12p. 
Circu i t  ZD 
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Key f o r  Table 12a, page 32: : 
. c  ' ,  

- ,  I. Pulse ratelmin 

c ,  3. group average - a b s o h t e  value in $ 

; 
2. a c t i v i t y  

4. extreme individual  value - absolute  value i n  $ 
5. authors 

I .I 6 .  f ly ing /p i lo t s  
-3 
. &  7. Gemnan L u f t h w a  B 737 
; I  8. our  own r epor t  
! .  9. i n  the morning 
. i  t .  10. t o t a l  f l i gh t  

.\ 

. .  

.i 

. .  11 . approach 
12. minute of touch-down 
13. i n  the a f t e r r Jon  
14. immediately a f te r  landing 
1 5. individual  values 
16. mi l i t a ry  j e t  
17. training flights 
18. t o t a l  -- take-off 
19. t o t a l  - landing 
20. mil i ta ry  j e t  
23. bombing :f issions 
22. when r e l eas ing  the bombs 
23. take-off o r  landing 
24 . hel icopter  
25. r o l l i n g  start 
26. r o l l i n g  landing 
27. vertical tfie-off 
28. v e r t i c a l  landing 
29. autoro ta t ion  30. with power recovery 31. without 
32. fl ight i n s t r u c t o r  
33. percentages as increase i n  r e l a t i o n  t o  the r s l u e  at  res t  
34. Table 12a: Pulse Rate i n  various A i r c r d t  

'53 
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Key f o r  Table 12b, page 54: 
1. Pulse rate/min 
2. Activity 
3 .  Group average - absolute value i n  
4. Extreme individual value - absolute value in 5 
5. authors 
6. f l ight  simulator 

- .  - .  7. F 104 instrument f l ight  
5- 1 r 

t c  8. our  own report  
9. i n  the morning 

k 
? . :  I IC .  t o t a l  f l i gh t  

11 . i n  the afternoon 
f 

21. caz drivers 12. simulator 
1 3. single-engine a i r c ra f t  

instrument f l ight 
14. approaah 
1 5. parachuting 

22. long-distance trip i n  a 

23. professional racing drivers 
24. last minute before the start 

passenger car 

16. parachutist with much 

17. f ree  fall 
48. opening the parachute 
99. landing 
20. parachutist without 

25. during the race 
26. others 
27. S a m  persons 8s under 7 
28. administration work 
29. driving a car 

experience 

experience 30. eating 

31. percentages as the increase i n  re la t ion t o  the value 

32. Table 12b: Pulse r a t e s  during various actfvi t iee .  
a t  r e s t  

35 


